Abstract The objectives of this study were to evaluate the association between caregiver burden and preventive dental care use for children with special health care needs (CSHCN) and assess if caregiver burden explains the relationship between child-and family-level characteristics and preventive dental care use. Samples of US CSHCN ages 3-17 years with a functional limitation (n = 7,559) and those without (n = 26,345) were derived from the 2005-2006 National Survey of CSHCN. We generated structural equation models, stratified by functional limitation, to describe the relationships between caregiver burden and preventive dental utilization. We measured caregiver burden using six items on whether the child's health condition impacted work, time spent on health management, and finances. About 80.9 % of CSHCN used preventive dental care. Higher levels of caregiver burden were associated with significantly lower odds of preventive dental care use for CHSCN with a functional limitation (b = -0.06; P \ 0.001) and those without (b = -0.
Introduction
The 2011 Institute of Medicine report ''Improving access to oral health care for vulnerable and underserved populations'' highlights persisting disparities in access to dental care encountered by children with special health care needs (CSHCN) [1] . Dental care is the most common unmet health care need among CSHCN [2] . Nearly 80 % of caregivers of CSHCN report that their child has unmet dental needs [3] . While CSHCN may be slightly more likely to use preventive dental care than non-CSHCN (46.1 and 37.4 %, respectively) [4] , subgroups of CSHCN, including children with severe chronic health conditions, are significantly less likely to use preventive dental care than other CSHCN [5, 6] . For instance, lower proportions of CSHCN with a functional limitation used preventive dental care than CSHCN with no functional limitation (44.2 and 46.6 %, respectively) [4] . Potential barriers to dental care that uniquely affect CSHCN include: dentists' unwillingness to treat patients with special needs because of difficulties managing uncooperative behavior, systemic health care needs that are higher priority than dental care, transportation difficulties, and inadequate insurance. Because dental disease (e.g., tooth decay) is cumulative, poor access to preventive dental care over time may perpetuate disparities in oral health within subgroups of CSHCN. These disparities manifest as more frequent toothaches, emergency department visits to address dental problems, and hospitalizations under general anesthesia for oral rehabilitation [7] [8] [9] .
Anecdotal evidence suggests that caregiver burden is a barrier to preventive dental care for CSHCN. Caregiver burden is defined as ''the time and financial demands associated with caring for a child with disability that constrain the parental social role'' [10] . Most CSHCN are cared for by a parent who takes on the role of informal caregiver [11] . Caregivers provide daily home-based care (e.g., administering medications, changing bandages and diapers, brushing the child's teeth), coordinate visits to health providers, and manage other responsibilities related to the child's health. Collectively, these responsibilities may disrupt the caregiver's professional, household, and social roles [12] and result in high levels of caregiver burden [13] [14] [15] . A number of publications have documented the negative effects of caregiver burden on health outcomes for the caregiver [16] [17] [18] . And while studies have examined caregiver burden and pediatric health outcomes [19] [20] [21] [22] [23] [24] [25] , no study to date has assessed how caregiver burden is a potential barrier to preventive dental care for CSHCN. Furthermore, the potential mechanisms by which child-and family-level factors influence caregiver burden and dental use have not been elucidated.
To better understand the role of child-and caregiverlevel factors on children's preventive health service utilization, we used a national dataset to examine the relationship between caregiver burden and preventive dental care use for CSHCN with and without functional limitations. We tested two hypotheses: (1) increased caregiver burden is associated with lower odds of preventive dental care use; and (2) caregiver burden explains the relationship between child-and family-level characteristics (e.g., race/ethnicity, insurance status, health condition severity, maternal education, family structure, family income) and preventive dental care use. This work is a first step in developing comprehensive family-centered interventions and policies that improve access to preventive dental care for CSHCN.
Methods

Data and Study Population
We drew our study sample from the 2005-2006 US National Survey of Children with Special Health Care Needs (NS-CSHCN), a random-digit dial telephone survey designed to calculate national and state-specific prevalence estimates of CSHCN and to describe characteristics of CSHCN under age 18 years [26] . All responses to the survey were provided by the child's caregiver or legal guardian. The overall survey sample (n = 38,866) contained approximately 750 CSHCN from each state. Blumberg et al. [27] provide details on survey methods. In the current study, we restricted our sample to CSHCN ages 3-17 years with complete data on the covariates of interest (N = 33,904), with the exception of family income where imputed income data were utilized. We excluded children under age 3 years because the determinants of dental use for young children are different [28] and our focus was on older children. This study was conducted in accordance with prevailing ethical principles and was approved for human subjects exemption by the University of Washington Institutional Review Board.
Measures
Conceptual Model
We used the Behavioral Model for Vulnerable Populations (BMVP) proposed by Gelberg et al. [29] 
Main Predictor Variable
We measured caregiver burden related to the child's health condition using six questions from the NS-CSHCN: (1) whether the parent stopped work (no/yes); (2) whether the parent reduced work hours (no/yes); (3) hours/week the parent spent providing health care to the child (0, \1, 1-5, 6-10, C11); (4) hours/week the parent spent coordinating the child's health care (\1, 1-5, 6-10,C11); (5) whether out-of-pocket expenses were C$1,000 in the past 12 months (no/yes); and (6) whether the family experienced financial problems because of the child's health care needs (no/yes).
Outcome Measure
The outcome measure was parent-reported preventive dental care use by the child during the last 12 months (no/ yes).
Model Covariates
There were three child-level predisposing variables: age, gender, and race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, other). Child-level enabling factors measured two dimensions of the child's access to medical care services. The first was constancy of health insurance, a parent-reported measure indicating whether the child experienced any insurance lapse in the last year (no/yes). The second measure was whether the child had a medical home (no/yes). Specifically, children who met the following criteria were classified as having a medical home: (1) had a personal doctor or nurse; (2) had a usual source of care for well and sick care; (3) received family-centered compassionate, culturally effective care from all providers; (4) had no problem getting referrals; and (5) had effective care coordination. Our operationalization of medical home is consistent with the Maternal and Child Health Bureau's definition of medical home [30] . Finally, we included two child-level need factors, severity of the child's health condition, which was measured by parent report of how often the child's condition affected function (never; very little; some; a great deal), and whether the child had a functional limitation (no/yes).
There were three maternal and family enabling characteristics: maternal education (did not complete high school, completed high school, completed more than high school); family structure (single parent, two-parent family); and family income (\100 % Federal Poverty Level [FPL] , 100 % to \185 % FPL, C185 % FPL). We imputed missing income data using relevant files from the National Center for Health Statistics and methods described by Pedlow et al. [31] .
Data Analyses
To test our study hypotheses, we used structural equation models (SEM), which allow us to partition out random measurement error [32] . We used six indicators to measure the latent variable, caregiver burden. The SEM consists of a measurement model and a structural model. The measurement model indicates how well the six indicators of caregiver burden measure caregiver burden. Loadings indicate the magnitude of the relationship between item responses and caregiver burden levels. Thresholds describe the relative importance of each of the six indicators. The structural model describes the relationships between caregiver burden and other covariates in the model. We simultaneously estimated the association between: (1) each child and family characteristic and caregiver burden; and (2) caregiver burden and preventive dental care utilization controlling for child and family characteristics. In structural models, one interprets pathway coefficients similarly to regression coefficients. To evaluate model fit, we utilized the comparative fit index (CFI) and root mean square error of approximation (RMSEA). Consistent with guidelines from previous studies, we considered a CFI [0.95 or RMSEA \0.06 as indicating acceptable fit [33] . We first tested the fit for just the measurement model and subsequently tested the fit of a model that included both the measurement and structural models [32] .
After fitting the SEM, we tested for indirect effects for covariates for which there was a strong and statistically significant association with both caregiver burden and preventive dental care utilization using the delta method [34] . Direct effects estimate the association between a covariate (e.g., family income) and the outcome variable (preventive dental care use). Indirect effects estimate the sum of the pathways between a covariate (e.g., family income) and caregiver burden, and between caregiver burden and the outcome variable (i.e., preventive dental care use). We estimated all models separately for CSHCN with and without a functional limitation since previous work suggests that caregiver burden varies depending on a child's functional limitation status [35] .
Results
Descriptive Statistics
The study included 33,904 CSHCN, 22.3 % of whom had a functional limitation (Table 1) . Children were predominantly non-Hispanic White (70.6 %), 58.9 % were male, and 8.2 % were uninsured at any point in the previous year. Most children had a mother who completed more than high school (71.4 %) and were from families with incomes C185 % FPL (62.9 %).
About 11.4 % of caregivers stopped work and 14.7 % reduced work hours because of the child's health condition. The majority of caregivers (55.9 %) spent 0 h providing health care to the child whereas 5.7 % spent C11 h/week. Most caregivers (56 %) spent less than 1 h/week coordinating health care for their child and 2.9 % spent C11 h/ week. Over 60 % had out-of-pocket health care expenses C$1,000 related to their child's condition and one-in-five caregivers experienced financial problems because of the child's condition.
Compared to caregivers of CSHCN with no functional limitation, larger proportions of caregivers of CSHCN with a functional limitation stopped working, reduced work hours, spent C11 h/week providing or coordinating care, and experienced financial problems related to their child's condition. Overall, 80.9 % of CSHCN used preventive dental care in the previous 12 months. The frequency of preventive dental care was higher among CSHCN without a functional limitation compared to those with a functional limitation (82.5 and 75.2 %, respectively).
Measurement Model
The measurement model fit acceptably (CFI = 0.938; RMSEA = 0.035) and we did not modify it ( Table 2 ). The factor loadings for caregiver burden ranged from 0.34 to 0.75. The item with the highest factor loading was stopped work because of the child's health condition. The thresholds ranged from -0.18 to 2.16. The item with the highest threshold was spending C11 h/week providing their child's care, indicating that this item was associated with relatively high levels of caregiver burden.
Structural Model
The results of the structural model for CSHCN with a functional limitation suggest that higher levels of caregiver burden were associated with lower odds of preventive dental care use (b = -0.059; P \ 0.001) (Fig. 1) . Having a more severe health condition (b = 0.72; P \ 0.001), being uninsured at any point in the past year (b = 0.21; P \ 0.001), and family income \100 % FPL (b = 0.33; P \ 0.001) were all associated with higher levels of caregiver burden. Being uninsured (b = -0.63; P \ 0.001), family income \100 % FPL (b = -0.40; P \ 0.001), and maternal education of high school or less (b = -0.25; P \ 0.001) were all associated with significantly lower odds of preventive dental care use. Similar patterns emerged for CSHCN without a functional limitation (Fig. 2 ).
Direct and Indirect Effects
For CSHCN with a functional limitation (Fig. 1) , two covariates were associated with caregiver burden and preventive dental care use-being uninsured and family income\100 % FPL (Fig. 1) . The indirect effects analysis revealed that caregiver burden had a small, but significant explanatory effect on the association between preventive dental care use and family income\100 % FPL (b = -0.03; P \ 0.001) and being uninsured (b = -0.02; P \ 0.001) ( Table 3) . For CSHCN without a functional limitation (Fig. 2) three covariates were significantly associated with caregiver burden and the outcome-maternal education of high school or less, child being uninsured at any point during the last 12 months, and family income \100 % FPL. Regarding indirect effects for CSHCN without a functional limitation, caregiver burden had a small, but significant explanatory effect on the association between preventive dental care utilization and family income 
Discussion
This is the first study to examine the relationship between caregiver burden and preventive dental care use for CSHCN. There were two main findings.
The first main finding is that, consistent with our hypothesis, we found a negative association between caregiver burden and preventive dental care use for CSHCN with and without a functional limitation. Previous research has not sufficiently explained why subgroups of CSHCN do not use preventive dental care services as recommended by the American Academy of Pediatric Dentistry [36] . Our results are consistent with previous research on children with behavioral health difficulties suggesting that caregiver strain was related to decreased likelihood of subsequent outpatient visits [25] and increased non-specialty outpatient services (e.g., visits to the pediatrician, family physician, emergency department) [23] and other mental health services [19] [20] [21] . This suggests that caregiver burden is associated with less primary prevention (e.g., well baby visits, dental checkups) and greater utilization of secondary and tertiary prevention services. In the context of our findings among CSHCN with varying diagnoses and needs, high caregiver burden may prompt parents to postpone or cancel preventive dental care for their child, which could eventually lead to increased use of the emergency department for treatment of dental problems. Recent recommendations from the American Academy of Pediatrics underscore the importance of family function to children's overall health and health service utilization [37] . Pediatricians and other health professionals play an integral role in screening for caregiver burden and checking if a child is utilizing preventive dental care. For children who are not utilizing preventive care, a referral could be made to a local dentist which is likely to improve child health outcomes and lower health care costs by reducing the need for emergency dental care. When caregiver burden is noted, dental referrals could include this information so that the dental staff has increased awareness of the child's family circumstances and can work with caregivers to develop tailored oral health strategies.
The second major finding of the paper is that caregiver burden explains the relationship between child-and familylevel enabling characteristics and preventive dental care use. For CSHCN with a functional limitation, caregiver burden had indirect effects on the relationship between two enabling factors (any insurance lapse in the last year and household Federal Poverty Level) and preventive dental care use. For CSHCN without a functional limitation, caregiver burden had indirect effects on the relationship between an additional enabling factor (maternal education) and preventive dental care use. In other words, enabling factors are related to caregiver burden, which in turn, influences preventive dental care use for CSHCN. There are few studies to which we can compare these findings. In our models, caregiver burden explained the relationship between three measures of social disadvantage (child being uninsured in the previous 12 months, low family income, Fig. 1 Results of the age-adjusted structural model of caregiver burden and preventive dental care use for CSHCN ages 3-17 with a functional limitation (n = 7,559). Dashed arrows indicate statistically significant indirect effects. Model fit: CFI = 0.936; RMSEA = 0.006 ***P \ .0001; **P \ .01; *P \ .05 Fig. 2 Results of the age-adjusted structural model of caregiver burden and preventive dental care use for CSHCN ages 3-17 without a functional limitation (n = 26,345). Dashed arrows indicate statistically significant indirect effects. Model fit: CFI = 0.94; RMSEA = 0.012 ***P \ .0001; **P \ .01; *P \ .05 and low maternal education) and preventive dental care use. Previous research indicates the benefit of consistent health insurance and socioeconomic resources on both reducing caregiver burden [10, 36] and promoting access to preventive dental care [38] . However, ours is the first known study to simultaneously examine the roles of social disadvantage, caregiver burden, and preventive dental care utilization. Our models suggest that caregiver burden is an important construct to explain why CSHCN from families with fewer economic resources and inconsistent health insurance coverage are less likely to have preventive dental visits.
While caregiver burden did not mediate race and preventive dental care use in our models, a previous study found that caregiver stress mediated the relationship between African American race and mental health service use for children ages 8-20 [24] . A possible explanation is dissimilar study populations, whereby a larger proportion of subjects in our study were White (70.6 %) whereas in the other study 43 % were non-Hispanic White and 57 % were African American or Hispanic. Another study reported that mental health condition severity was a reliable predictor of caregiver strain [39] , which is consistent with our models. However, in our study, the indirect effects of caregiver burden on condition severity and dental utilization were not significant. Additional work is needed to further clarify the mediating role of caregiver burden, particular between social and behavioral factors and preventive dental care use for CSHCN.
Our results also have clinical and policy relevance. For example, the measurement model indicates that parents with out-of-pocket expenses C$1,000 had relatively lower levels of caregiver burden while parents who spent C11 h/ week coordinating their child's care had higher levels of caregiver burden. This finding reinforces previous work that interventions and policies should focus on providing meaningful care coordination and respite services for caregivers of CSHCN [15] rather than direct financial remuneration for health care services. Care coordination and respite services could allow parents of CSHCN to better balance family and work responsibilities and further reduce caregiver burden.
In developing future interventions and policies, one might argue that reducing caregiver burden is not a feasible way to improve use of preventive dental care services for CSHCN because of high costs. However, based on a common risk factors approach [40, 41] , it is likely that reducing caregiver burden will lead to other health benefits for the child, caregiver, and family. For instance, reducing caregiver burden could help to improve use of other types of preventive health care services such as visits to the pediatrician for well child care [23] . Targeting caregiver burden could also help parents to manage stress and regulate mood, which could lead to both short-and long-term health benefits for caregivers [42] . Future efforts aimed at improving preventive dental care use for CSHCN should be incorporated into comprehensive efforts to improve access to primary health care services [43, 44] and reduce the need for costly emergency department care. Furthermore, because caregiver burden appears to mediate the relationship between measures of social disadvantage and preventive dental care use, these interventions and policies should be tailored to socioeconomically vulnerable families to optimize health outcomes for CSHCN at greatest risk for health disparities.
This study had several strengths including the use of a multi-item caregiver burden measure with acceptable psychometric properties, the use of a latent variable approach on a nationally representative population of CSHCN, and analyses that accounted for functional limitation status as well as complex survey sampling methods. However, as with all studies, there are limitations. The first is that the data were cross-sectional, which precludes definitive conclusions regarding causality. Future work should examine the relationship between caregiver burden and preventive dental care use longitudinally. The second is that we did not include social and behavioral confounders (e.g., social connectedness, family function, selfefficacy, perceived susceptibility to disease) in our models because they were not part of the survey. In the future, researchers should collect relevant behavioral and social measures that are likely to part of a comprehensive explanatory model of preventive dental care use for CSHCN. Finally, we measured the primary outcome of interest (preventive dental use) by parent-report using one survey question. Future work could incorporate methods to validate self reports by linking survey and administrative claims data. One-in-five CHSCN in our study did not utilize preventive dental care in the previous year, which is a missed opportunity to ensure that medically vulnerable children are able to benefit fully from dental care that prevents oral diseases. Oral health is inextricably linked to general health outcomes and health-related quality of life. Ensuring optimal oral health in medically vulnerable children is particularly important because dental disease can exacerate underlying systemic health conditions and may require families to devote limited resources to seeking invasive, costly restorative care for their children. Our findings underscore the importance of ensuring that all barriers to preventive dental care for CSHCN are identified and eliminated. We also recognize that preventive dental care is not a panacea for dental diseae in CSHCN. There is a need to develop family-tailored strategies that help caregivers enforce consistent behaviors at home. Such behavioral strategies should include regular supervised toothbrushing with fluoridated toothpaste and enforcement of healthy diets (e.g., ensuring well-defined mealtimes, eliminating sugar sweetened beverages, reducing frequency of carbohydrate intake). Collectively, these efforts are likely to help CSHCN maintain optimal oral health and lead healthier lives.
Conclusion
Our study findings reveal that higher levels of caregiver burden are associated with significantly lower odds of preventive dental care use for CSHCN regardless of whether the child has a functional limitation. Interventions aimed at improving the oral and systemic health of CSHCN should include strategies to reduce caregiver burden, especially within socioeconomically vulnerable families.
